INTRODUCTION
Evaluating the impact of fractured endodontic instruments ultimately involves careful analysis of how this procedural complication affects treatment outcome and prognosis. Understanding the manner in which fractured instruments influence outcome will guide clinical decision making and facilitate good patient communication, which is critical medico-legally. It is important to ascertain in which endodontic cases a fractured instrument is likely to affect success and identify others -if any -in which it may have a negligible effect. There are a limited number of recent studies specifically investigating Instrument fracture complicates the endodontic procedure by obstructing debridement, delaying treatment completion and affecting the patient's dental experience. When a file fractures there are several treatment options that could be selected, however, the future management should be based on the effect of the fractured instrument on treatment outcome. The aim of the following review was to analyse the literature assessing the impact of endodontic instrument fracture, focusing on its influence on endodontic prognosis and treatment outcome. A comprehensive MEDLINE search including various keywords identified several publications that considered the variables. Analysis of the publications highlighted a paucity of quality long-term clinical outcome studies relating specifically to the influence of instrument fracture. The available studies demonstrated a wide variety of methodologies reporting conflicting findings; therefore, meaningful conclusions were difficult. Within the confines of the literature it appears that retained fractured instruments do not reduce the prognosis of endodontically treated teeth if apical periodontitis is absent, however, if disease is present healing is significantly reduced. Therefore, the stage at which an instrument fractures in infected cases appears likely to be significant as canal disinfection will be compromised accordingly. Considering the risks associated with file removal, perhaps this should only be attempted if apical disease is present. Although it is accepted that the nature of file fracture precludes integration into randomised prospective trials, there is a need for well designed long-term outcome studies investigating the influence of fractured files.
to have a higher risk of fracture than traditional stainless steel (SS) files. 9 In addition, it has been reported that compared with SS instruments, NiTi files have a propensity to fracture without warning, with the resulting instrument fragments proving awkward to remove. 10, 11 Consequently, considerable research has been dedicated to NiTi instrument fracture, analysing the incidence of fracture, the mode of fracture and possible factors contributing to fracture including: instrument design, the manufacturing process, instrumentation techniques, the number of uses and the effects of sterilisation and the influence of canal morphology. 12, 13 Particular emphasis has been placed on the influence of operator proficiency and technique 14, 15 and as a result, practical prevention protocols have been published 13 and new metallurgical innovations investigated 16 with the intention of reducing the prevalence of fracture.
In the event of fracture the clinician has to be prepared to manage the situation both medico-legally and clinically. The decision to leave, 17 bypass 13 or remove 18 a fractured
• Illustrates the role of apical disease in dictating treatment choice.
• Emphasises the lack of quality evidence in relation to fractured files and outcome.
• Considers the difficulties in carrying out meaningful research in the area of fractured files and outcome.
I N B R I E F PRACTICE
instrument should be made on the basis of a thorough knowledge of the success rates of each treatment option, balanced against potential risks of removal or file retention. Integration of microscopy into endodontic practice and advancements in specialised removal instruments and techniques have improved the clinician's ability to remove fractured files, however, removal may not always be possible or even desirable (Figs 1 and 2) . Typically, the fractured fragment prevents access to the apical regions of the canal, which may or may not be infected. 1, 19 Therefore noting the stage of canal preparation during which the instrument fractured is particularly critical in infected cases.
The aim of this critical review was to systematically investigate the influence of the fragments on endodontic treatment, management and outcome. The evidencebase was analysed with a view to considering how clinical decision-making, treatment and prognosis alter as a result of a fractured instrument.
SEARCH STRATEGY AND INCLU-SION OF PUBLICATIONS
A MEDLINE search (PubMed) was conducted (up to December 2011) to identify all relevant studies using the following keywords: 'fractured instrument', 'broken instrument', 'separated instrument', 'fractured file', 'broken file' and 'separated file' . These key words were entered in combination with the MeSH major topic terms 'endodontics', 'dental pulp disease' and 'dental pulp test' to create a complex search strategy. The database search revealed 189 publications spanning from 1977-2011 (Table 1 ). In addition, bibliographies of all relevant papers and previous articles were manually searched revealing publications before 1977. Any relevant work published in the English language and presenting pertinent information related to the research title was considered for inclusion in the review.
The search produced 210 potential publications. Initially, all titles and abstracts were screened and the relevance to the impact of fractured instruments in endodontics was established. Secondly, if it was not possible to fully assess the relevance, full text analysis was performed. Finally, all relevant articles were analysed, if several publications from the same author were discovered, which commented on identical issues, the most relevant publication was selected. A final list of 171 publications was included in this review.
FRACTURED INSTRUMENTS AND OUTCOME

Aim
To fully understand the impact of fractured instruments on endodontic outcome it is imperative to briefly consider the success of standard endodontic procedures and in particular the reported influence of prognostic factors on outcome. This is the subject of the first of three reviews.
General endodontic outcome
In general de novo vital root canal treatment is reported to have greater than 90% success over a range of review periods. 3, 20, 21 Success in these studies usually refers to an absence of clinical signs and symptoms and no emergence radiographically of an apical radiolucency. 22 However, certain studies have no clinical examination and rely only on radiographical analysis. 3, 21, 23 The success of de novo treatment is reduced if there is preoperative evidence of apical periodontitis and root canal infection. 21, 24, 25 In apical periodontitis cases, success generally refers to complete resolution of the apical radiolucency, 22 however, other authors are less strict in their assessment of success. 20 The reported success appears to drop further still if the root canal treatment is revised. 26 The outcome of endodontic retreatment demonstrates conflicting data, 5, 27 however, it has been suggested that retreatment has a similar outcome to de novo treatment if the root canal morphology is not altered. 28 Conversely, if the morphology is altered the outcome drops significantly. 27 Heterogeneity of data creates difficulties in comparing the plethora of studies investigating endodontic outcome and prognosis. 29, 30 The reported outcome of endodontic treatment differs due to inconsistencies in methodology, assessment criteria and level of evidence. 26 The majority of studies are retrospective, 31 ,32 a small number are prospective 33, 34 with a range of follow-up periods 3, 20 and heterogeneity of success criteria 34, 35 (Table 2) . It is hoped with the advent of the consolidated standards of reporting trials (CONSORT) guidelines that reporting of outcome may improve. These guidelines stipulate that when reporting a randomised clinical trial, two key elements are included: a flow-chart accounting for the journey of all patients (including drop outs) through the study and a standard checklist summarising the location of all key information in the manuscript. This standardised approach should create more homogenous data in the future, thereby improving the ease with which data can be compared and collated within systematic reviews. 37 However, there may be a concern that the onerous nature of the CONSORT guidelines in the planning stages of randomised controlled trials may reduce further the number of such studies that are completed and published.
It is not within the remit of this study to carry out an exhaustive analysis of the evidence regarding the influence of various prognostic factors. It is important, Note the marked widening of the mesial preparation even after removal using ultrasonic tip and the operating microscope however, to reach an overall conclusion as to the clinical significance of certain factors as this will assist in an analysis of the impact of fractured instruments on endodontic outcome. The general consensus appears to be:
• Preoperative apical periodontitis is the only consistently significant prognostic factor 20, 28, 31, 32 • Other factors such as the distance of the obturating material from the radiographic apex and the timely placement of a satisfactory permanent restoration are deemed to be important factors, especially with regard to retreatment. 5 Therefore, by extrapolation, a retained fractured instrument will influence the apical extent of the root canal filling and hence may affect prognosis • The significant prognostic factors for de novo endodontic and retreatment cases appear to be similar. 4 In summary, apical periodontitis has been demonstrated to be a consistent prognostic factor and microorganisms have been shown to be the essential cause of persistent apical infection, 38, 39 therefore, any factor that compromises apical access -thereby hindering disinfection/debridement -will potentially have an impact on treatment outcome. Consequently, the type of case (vital or necrotic), the stage of treatment and the number of treatment visits are all likely to influence the level of infection in the root canal system and the possible sequelae of file fracture.
Specific fractured file outcome
A recent systematic review and metaanalysis analysed endodontic outcome when an instrument was retained in the root canal system. 2 This review only considered de novo cases and concluded that a retained fractured instrument does not significantly reduce the prognosis of endodontic treatment in the absence of apical periodontitis, but that a fractured instrument in the presence of apical periodontitis did reduce prognosis. This corroborated several general outcome studies relating apical periodontitis and success. 3, 4, 5 Notably, it was suggested that the influence of a fractured file on canal disinfection was slight, provided the treatment was carried out to the highest technical standard. 2 What is difficult to establish from these studies is the additional influence of fractured files in teeth with apical periodontitis, as the presence of apical disease is already a negative prognostic factor. At present, the studies that address this issue do not contain large enough numbers to make meaningful conclusions. 1, 17 The aforementioned systematic review 2 is based on only two case-control studies 1,17 dated 35 years apart. The lack of suitable studies is unfortunate and nullifies the scientific aim of such a review. Systematic reviews of randomised controlled trials are the highest level of evidence in medicine, comparing homogenous data from several prospective studies to enhance the 'power' of the results. Randomised controlled trials are uncommon in endodontics 40 and they are impossible to conduct in the area of file fracture, where randomisation is impossible. Panitvisai and co-workers 2 suggested that when investigating a procedural error, a case-control study is the highest level of evidence attainable and that the two included studies can be compared as treatment outcome has not significantly altered in 30 years. 41 It should be recognised, however, that development with relation to instrumentation and technology has burgeoned over the same period. Furthermore, the included studies were carried out in dental hospitals and specialist practices, which are subpopulations; this may limit extrapolation to general dental practice.
Other studies have demonstrated that retained fractured instruments reduce prognosis. 42, 43 The first study published on the impact of retained fractured instruments reported a 19% reduced healing rate when a fractured instrument was present. 42 However, this study included only 15 fractured instrument cases and incomplete radiographic healing was classified as unsuccessful; however, the observation NB: The quality of a clinical study can be assessed in various ways, with the Oxford Centre for Evidence-Based Medicine ranking a study (1) (2) (3) (4) (5) within a 'level of evidence' pyramid. Classically a randomised controlled trial (RCT) or systematic review of RCTs would be ranked 1, but may be downgraded if not of high quality (in terms of numbers, follow-up period, recall drop out, design etc). Well designed trials that are not subject to randomisation are generally ranked 2, as can be well executed cohort and case-control studies. Other prospective case-control and cohort studies are generally ranked 3, as can well executed retrospective case-control studies. Case series studies would generally be ranked 4 as would the majority of retrospective studies, while a case study or expert opinion would be considered level 5
period was long at 4-10 years. Subsequent studies also reported a negative effect of a retained instrument fragment on endodontic outcome but only in the presence of a necrotic pulp 43 or when a periapical lesion was present. 27, 44, 45 These older studies, published before the introduction of NiTi files may have limited relevance to the current practice of endodontics. Recent publications have indicated that the presence of a preoperative apical radiolucency is a more significant prognostic factor than a fractured instrument per se 1, 12 although one study indicated that fractured instruments reduced the prognosis still further in the presence of apical radiolucency, this being attributed to compromised root canal disinfection. 1 Finally, it can be logically extrapolated that as obturation of the root canal to within 0-2mm of the radiographic apex has been significantly linked to an increase in the success of endodontic treatment 3 and since a retained instrument is likely to prevent this, success will consequently be reduced, however, this has not been demonstrated conclusively in the literature.
It is evident that well designed trials investigating fractured instruments are rare as most studies suffer from insufficient patient numbers, poorly defined outcome parameters and subjective conclusions. 12, 46 In the future, it seems impossible that a suitable volume of cases can be identified from one clinic or specialist practice and therefore attention should be directed towards designing multi-centre trials involving several dental schools or specialist clinics working to an identical, agreed protocol. If this is carried out it may be possible to satisfactorily address a clinical question such as 'Do fractured instruments influence prognosis?' Or indeed as it has been reported that in vitro roots are weakened by dentine removal during instrument retrieval and are potentially at increased risk of vertical fracture 47, 48 another question may be 'Does removal of fractured instruments increase the clinical incidence of vertical fracture?'
CONCLUSIONS
If the root canal treatment is carried out to the highest technical standard, the retention of a fractured file in a tooth, with no evidence of apical periodontitis, does not significantly reduce prognosis.
However, if pre-existing apical periodontitis is evident a fractured file does significantly reduce healing of the lesion.
Therefore, although it is recommended that file removal should be attempted when possible, this does not appear to be evidence-based in the absence of apical disease.
The stage of treatment at which the file fractures has not been demonstrated to be significantly associated with treatment outcome; however, logic dictates that this is likely to be an important prognostic factor.
Due to a current shortage of clinical studies, there is a need for well designed long-term outcome studies investigating the influence of fractured files.
